Phorbol 12-myristate 13-acetate induces the release of a low molecular weight clastogenic factor from monocytes. 8, 11, 13 -icosatetraenoic acids represent major components of clastogenic factor. We report that several isomeric hydroperoxy-5,8,11,13-icosatetraenoic acids efficiently induce DNA strand breakage and/or alkali-labile sites in the mouse embryo fibroblasts C3H/10T½2. Fe chelation by desferrioxamine suppresses breakage by -42% indicating the participation of Fe-catalyzed radical reactions. An additional 37% inhibition is observed upon addition of the Ca2+ chelators EGTA and quin-2. This result suggests that hydroxyperoxy-5,8,11,13-icosatetraenoic acid may activate a Ca2W-dependent nuclease. The addition of the antioxidant enzymes CuZn-superoxide dismutase and catalase had no effect, while glutathione peroxidase suppressed strand breakage by 90%. To our knowledge, our results yield a first insight into the mechanism ofaction of monocyte clastogenic factor and the role of inflammation in tumor promotion.
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The infiltration of polymorphonuclear leukocytes and macrophages into the stroma is the hallmark of inflammation and may play a role in tumor promotion (1, 2) . These cells are known to release a host ofparacrine mediator molecules. The release of these substances can be stimulated or suppressed by a variety of xenobiotic and biotic molecules, such as particulates, lectins, certain peptides, lipids, and the phorbol ester tumor promoter phorbol 12-myristate 13-acetate (PMA) (3) . It was of particular interest that the low molecular weight components (<10 kDa) released by PMA-stimulated human leukocytes were clastogenic, i.e., induced chromosomal aberrations in test cultures (4, 5) . The observation that the clastogenic action of PMA on regular, monocyte-containing, lymphocyte cultures could be suppressed by inhibitors of the enzymes of the arachidonic acid (A4Ach) cascade (6) suggested the participation of A4Ach metabolites in this process. Detailed analysis of the A4Ach metabolites released by PMA-stimulated human monocytes led to the identification of the cyclooxygenase products thromboxane B2, prostaglandins F2a, and E2, 12-hydroxy-5,8,10-heptadecatrienoic acid, the lipoxygenase products 5,11-and 15-hydroxyicosatetraenoic acid, and free A4Ach in the clastogenic mixture (W. Kozumbo, D. Muhlematter, and P.A.C., unpublished data) (7) . It should be noted that these cyclooxygenase and lipoxygenase products are formed by the cell via the intermediacy of the hydroperoxy precursors 15-hydroperoxyprostaglandin E2, prostaglandin G2, and several hydroperoxy-5,8,11,13-icosatetraenoic acid isomers (HPETEs). These hydroperoxides are unstable and react to the corresponding hydroxyl derivatives that are then found on chromatograms of lipid extracts of the clastogenic mixture. However, in situ in the inflamed tissue the hydroperoxides that are released by the leukocytes are probably of sufficient stability to exert their effect on neighboring cells. In direct support of our model, Lewis et al. (8) have reported that stimulated macrophages induce oxidative thymine damage in cocultured fibroblasts because they release active oxygen plus A4Ach metabolites, in particular metabolites of the lipoxygenase pathway. HPETE with the hydroperoxy group attached to C8 (8-HPETE) was found to be a major metabolite of A&4Ach produced by hyperplastic mouse skin (9), whereas 15-lipoxygenase metabolites of A4Ach are produced predominantly by epithelial cells from human trachea (10) . Hydroperoxy and hydroxy fatty acids stimulated DNA synthesis and induced ornithine decarboxylase in rat colon (11) . Hydroperoxides stimulate the cyclo-and lipoxygenase of the A4Ach cascade and amplify their own biosynthesis (12, 13 cells were added to filter funnels of an alkaline elution apparatus that contained 5 ml of PBS. The solutions were drained, and the cells that were adsorbed to the polyvinylchloride filters were washed twice with PBS. Treatment with HPETEs was in 2.5 ml of PBS at 37°C for 15 min in a CO2 incubator. In the experiments with antioxidants, the cells were preincubated with the enzymes or butylated hydroxytoluene for 5 min prior to the addition of HPETE with the hydroperoxy group on C15 (15-HPETE). Cell lysis and alkaline elution were carried as described (16, 17 The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.
buffer, pH 11.9, were collected directly into scintillation vials. The amounts of radioactivity contained in the eluates and retained on the filters were determined. Elution curves relating the fraction number to the percent radioactivity retained on the filter were linear to about 20% residual retention. When comparing the effect of different incubation conditions on the efficiency of strand break formation, we present directly the alkaline elution curves. We have normalized the data for dose-response curves by calculating Qd = -100 log (D/DC) (18) where D and DC are the percentages of DNA retained on the filter after five fractions of 4.5 ml of elution buffer have been collected for the treated sample and the untreated control, respectively. For an estimation of the number of strand breaks from the elution curves, 10T½ cells were irradiated with 100-400 rad (1 rad = 1 x 10-2 Gy) of t-rays under aerobic conditions at 00C. A value of 4.05 x 10-10 dalton-1 for the efficiency of strand breakage by 150 rad (19) was used for the computation. For comparison we also determined DNA strand breakage and/or alkali-labile site formation by 15 -HPETE and by y-rays with the alkaline unwinding assay developed by Birnboim (20, 21 We measured strand breakage and alkali-labile damage by a second, independent method, the alkaline unwinding assay developed by Birnboim (21) . Fig. 2B shows dose-response curves for 15-HPETE and yrays that were obtained under the treatment conditions of the alkaline elution experiments reported above. Again the curves are linear, and the slopes are roughly comparable to the alkaline elution data. However, the absolute efficiency of damage formation by 15-HPETE is considerably lower. In contrast to the alkaline elution data, the efficiency is similar in the low-and high-dose region.
The breakage capacity of 15-HPETE for free DNA and DNA in situ in intact cells was compared in the presence and absence of the Fe chelator desferrioxamine. For this purpose cells were lysed on the polyvinylchloride filters used in the alkaline elution assay. Following the usual washes, the high molecular weight DNA that remained adsorbed to the filter was treated with 15-HPETE. In parallel, intact cells were treated under standard conditions. The data in Table 1 and to disturb Ca2' homeostasis in the target cell (7, 24) . Organic hydroperoxides with promotional activity (35, 36) may act in a similar fashion.
The role of CF in carcinogenesis remains unclear. CF may function as an intercellular signal that acts over considerable distances. CF-induced DNA breaks might stimulate the transcription of neighboring sequences, facilitate DNA rearrangements, or affect chromatin structure because they stimulate poly(ADP-ribosylation) of chromosomal proteins. CF has the potential to induce gross chromosomal aberrations that may be manifested in late stages of tumor promotion and progression. Finally, the toxicity of CF may play a role in the selection and clonal expansion of initiated cells (7, 24) .
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